The reproductive cycle, as well as its nutrient storage and utilization, of two populations of Ruditapes decussatus from the main production areas of this species: Ria de Aveiro and Ria Formosa Lagoon (Portugal) were studied here over a 24 month period (May 2010-April 2012. The reproductive cycle of both populations of R. decussatus followed an annual cyclicality that comprised a ripe stage in spring followed by a spawning period that began in late spring and extended throughout summer until early autumn. This extended and continuous spawning period may be an advantageous strategy for this species by ensuring a continuous supply of gametes. Moreover, R. decussatus can adopt different reproductive strategies depending on the geographical origin. The results of both cycle of nutrients stored and nutrients utilization showed that clams of both populations present a high reproductive effort that almost depletes its energy reserves. Nevertheless, while Ria de Aveiro population retrieves them immediately after spawning, the same is not verified in clams from Ria Formosa Lagoon with their consequent debilitation. Also, based on the glycogen pattern it was possible to infer that the Ria Aveiro population is an opportunistic one, while the Ria Formosa Lagoon population exhibited an intermediate strategy. However, both populations could be considered as viable broodstock for intensive hatchery production of juveniles and the observed extended spawning periods presents interesting implications for the implementation of profitable aquaculture. Moreover, this species presented a great capacity for gonadal regeneration, which coupled with its high gonadal development rate would provide larvae during most of the year without extensive and expensive broodstock conditioning.
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Introduction 68 69
The European clam Ruditapes decussatus is widely distributed along the coastal and 70 estuarine areas of Europe and Northern Africa and represents an important resource 71 income due to its high commercial value (Matias et al., 2009) and it is central to the socioeconomic framework. However, during the last two 82 decades, the European clam production has suffered an important decrease due to 83 several constraints, namely recruitment failures and excessive pressure on the capture 84 of juveniles on natural banks and severe clam mortalities. 85
To address this situation, artificial spawning and larval rearing programs could 86 provide an alternative source of spat. 87
To be able to establish and improve rearing programs for R. decussatus, a 88 detailed knowledge of the species reproductive cycle and spawning periods is crucial. 89
Effectively, the differences in gonadal cycles and conditioning optima in different 90 populations have to be considered in hatchery operations (Devauchelle and Mingant, 91 1991; Lannan et al., 1980) . There is also evidence that responses also vary between 92 different geographical populations of the same species, as has been found for Mytilus 93 galloprovincialis (Iglesias et al., 1996) 
Condition index 197 198
The dry meat and shell weight of 10 clams, from each monthly sample and 199 from each population, were determined after oven drying at 80 °C for 24 h. Meat 200 samples were then ashed at 450 °C in a muffle furnace, ash weight determined, and 201 organic matter weight calculated as the ash free dry meat weight (AFDW). The 202 condition index (CI) was calculated according to Walne and Mann (1975) were arcsine transformed to normalize variance (Sokal and Rohlf, 1981) . Multiple 226 pairwise comparisons were performed using the post-hoc parametric Tukey test or the 227 non-parametric Dunn's test in order to detect significant differences between monthly 228 consecutive samples. The Pearson correlation coefficient was used to determine the 229 degree of association between parameters. Results were considered significant at 230 P<0.05. The statistical analyses were performed using the SIGMASTAT 3.11 statistical 231 package. 
Gametogenic cycle 251 252
The sexes were clearly separated and no hermaphrodites were found. Both 253 sexes showed synchronism in gonadal development. The reproductive cycle of R. 254 decussatus was characterized by a seasonal pattern in both populations (Figure 3) , 255 however, no significant correlations were found between SST and GI and in chlorophyll 256 and GI in both populations ( Table 2 ). The onset of the gametogenic cycle occurred in 257 Table  276 1).This phenomenon occurred in all studied years and for both males and females of 277 the two populations. In October the majority of clams had already spawned and was 278 inactive and remained in this stage during approximately six months (which coincided 279 with the decrease of SST and chlorophyll) until the next onset of gametogenesis. The 280 gonadal index followed the same pattern as the gonadal development; no significant 281 differences in GI were found between populations or between sexes (ANOVA, P>0.05). 282 
Biochemical composition 315
Proteins were the predominant dry tissue constituent of the clams followed by 317 total lipids and glycogen (Table 3) Table 2) . 343
Significant differences were observed between populations for total energy (K-W., 344 reserves were also depleted, suggests that proteins were indeed used for maintenance 470 of the species; however, the same was not true for 2011 where no regular seasonal 471 trend was observed. In this study, no correlation was found between proteins and 472 glycogen and GI and significant differences were found between both populations 473 protein content. 474
Glycogen is the main energy reserve in adult bivalves. In R. decussatus it can 475 be an energy source for growth and at the same time stored in specific cells as an 476 energetic reserve for the gametogenesis and gonadal development (Rodríguez et al., 477 1993) . In this study, differences were observed between the two populations 478 concerning glycogen content, although the rapid gonadal development and spawning 479 process forced a striking consumption of the glycogen in both populations, after that, 480 higher and lower values were recorded for Ria de Aveiro and Ria Formosa Lagoon, 481 respectively. During the rest period the glycogen content of both populations also 482 showed opposite trends. Some bivalve species store glycogen when food is abundant 483 and gametogenesis takes place when there is low food availability, thus allowing the 484 first spawning release when seawater temperature increases (conservative strategy),and there are others species in which the gamete production occurs from spring 486 onwards, coupled with the first phytoplanktonic blooms (opportunistic strategy) (da 487 typical from an opportunistic species, the Ria Formosa Lagoon population stored this 493 reserve during the winter and after that both stored and recently assimilated glycogen 494 content was used for gametogenesis. In Ria de Aveiro population, despite the fact that 495
clams have used the after spawning stored glycogen reserves during autumn and 496 winter, which is typical from a conservative species, gametogenesis was not started 497 and no significant correlations were found between glycogen content and GI. The onset 498 of gamete production was only verified in early spring, associated with the first 499 phytoplanktonic bloom, which is typical of an opportunistic strategy. These differences 500 in the reproductive strategy between geographically distinct populations of the same 501 (Gabbott, 1975) . In the present study, total lipids increased with 515 the onset of gametogenesis. After that and during the reproductive period, an erratic 516 variation of total lipids occurred in both populations that could be related with the 517 successive gamete production and release, typical of a partial spawning species. Total 518 lipids also peaked immediately after spawning. These results suggest that, more than a 519 consequence of gametogenesis, the total lipids content also reflects the energy 520 accumulation process and its consumption during bivalve somatic development, as has 
2011). 523
The negative correlation found between proteins and total lipids in clams from 524
Ria de Aveiro population reinforce the idea that proteins can be used as an energy 525 reserve in stress situations. Moreover, in our study, protein was the constituent that 526 most contributed to the total energy of R. decussatus. 527
In conclusion, the results of this study show that R. decussatus has a partial 528 spawning period, during which occurs successive and simultaneous production of 529 gametes and spawning. Moreover, it was also demonstrated that this species can 530 adopt different energy storage depending on the geographic origin. Clams of both 531 populations show a high reproductive effort that almost depletes its energy reserves; 532 however, while the Ria de Aveiro population retrieves them immediately after 533 spawning, the same is not verified in clams from the Ria Formosa Lagoon which leads 534 to their consequent debilitation, probably due to the different levels of food availability 535 in the two lagoons. 536
Both populations presented however viable broodstock for intensive hatchery 537 production of juveniles and the extended spawning period of both R. decussatus 538 populations has interesting implications for the implementation of profitable 539 aquaculture. Moreover, the high gonadal regeneration capacity presented by this 540 species coupled with its high gonadal development rate would provide larvae duringmost of the year without the need of performing extensive and expensive broodstock 542
conditioning. 543
We believe that the results of our study could then be useful to R. decussatus 544 hatchery production programs. These programs should take into consideration that: the 545 extended natural spawning period implies that manipulation of broodstock in terms of 546 conditioning, which should be initiated in early winter, would be relatively easy; the 547 great capacity for gonadal regeneration, coupled with its high gonadal development 548 rate would provide larvae over much of the year without extensive and expensive 549 broodstock conditioning; the Ria de Aveiro population are the most suitable broodstock 550 for hatchery production due to their reproductive strategy. Moreover the global 551 information obtained in this study on the gametogenic cycle and consequent energy 552 storage will also allow the determination of the optimal reproductive time for artificial 553 spawning induction for aquaculture production of this species. Gonadal follicles are absent and connective and muscular tissue occupies the entire zone from the digestive gland to foot. There is no evidence of gonadal development and sex determination is not possible.
Follicles and gonadal acini begin to appear in females and males. They increase in size, and appear covered with oocytes in the growth phase in the females and with immature gametes (spermatogonia and spermatocytes) in the males.
The follicles occupy a large part of the visceral mass. The presence of muscular and connective tissue is reduced. At the end of this stage, characterised by intense cellular growth in females, the oocyte protrudes from the centre of the lumen, remaining attached to the wall via the peduncle. The abundance of free oocytes equals those attached to the wall of the follicle. In males, majority of the acini were full of spermatids and
Corresponding to the maturity of the majority of gametes. In the mature oocytes the rupture of the peduncle occurs, and the oocytes consequently occupy the follicular interior. In males, the gonadal acini mainly contain spermatozoids.
The gametes are discharged. Depending on the degree of spawning the follicles are more or less empty. The follicle walls are bro-ken. There are many empty spaces between and within the follicles. 
